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ABSTRACT 



A method of calculating power consumption of an integrated 
circuit having a plurality of function blocks, comprises the 
steps of: detecting the function blocks required for a prede- 
termined operation, in sequence; obtaining each power con- 
sumption in operation of each of the detected function 
blocks; and summing up each power consumption obtained 
for each function block, to output the summed-up power 
consumption as a power consumption of the whole inte- 
grated circuit Here, the power consumption is obtained by 
deferring to a table in which power consumption is previ- 
ously registered for each function block. Further, the power 
consumption can be calculated by use of an approximate 
expression represented by a predetermined function f and a 
predetermined constant power consumption as follows: P=f 
(PA. HA, WA. PC, HC, WQ+constant, where A denotes a 
vector of all signals inputted to each of the detected function 
blocks; C denotes a vector of all signals outputted from each 
of the detected function blocks; PA denotes a mmTmim 
power consumption caused by the vector A; HA denotes a 
number of bits each of whose logical values changes in time 
transition from a preceding time to a current time in the 
vector A; WA denotes a bit width of the vector A; PC denotes 
a maximum power consumption caused by the vector C; HC 
denotes a number of bits each of whose logical values 
changes in time transition from a preceding time to a current 
time in the vector C; and WC denotes a bit width of the 
vector C. 

50 Claims, 4 Drawing Sheets 
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METHOD AND APPARATUS FOR calculating the power consumption of an integrated circuit 

CALCULATING POWER CONSUMPTION OF under optimum conditions and at a low cost 

INTEGRATED CIRCUIT lb achieve the above-mentioned object the present 

BACKGROUND OF THE INVENTION invention provides a method of calculating power consump- 

The present invention relates to a method and apparatus 5 don °* ^ integrated circuit having a plurality of unction 

for calculating a power consumption of an integrated circuit blocks, comprising the steps of: detecting the function 

In general an integrated circuit is designed beginning blocto required for a predetennined operation, in sequence; 

from an upper specification design process to a lower layout obtaining each power consumption in operation of each of 

design process in sequence, for example, in the order of detected function blocks; and suniming up each power 

specification design process, architecture design process, 10 consumption obtained for each function block, to output the 

function design process, logic design process ► circuit design summed- up power consumption as a power consumption of 

process, and layout design process. In this case, in the the whole integrated circuit 

architecture design process, a data flow through each of the Here, in the step of obtaining each power consumption, 

function blocks 21 to 31. for instance as shown in FIG. 3. is the power consumption is obtained by referring to a table in 

designed. Id the logic design process, a logic circuit using which power consumption is previously registered for each 

two NAND gates 41 and 42. for instance as shown in FIG. function block. 

4, is designed, In the transistor circuit design, a transistor , . . . . . 

circuit composed of transistors 51 to 54, for instance as ***** in me step of obtaining each power consumption, 

shown in FIG 5 is designed wben-n-units of vectors Ai are inputted to a detected tunc- 

On the other hand, a power consumption P(W) can be 20 tion block the power consum^n Pis calculated by use of 

calculated by use of an expression as P=IxE, where I (A) an approximate expression as P^=f (Aj. A^ . . ,A ? )+constant 

denotes the current, andE (V) denotes the operating voltage, where n denotes an integer of one or more; and i denotes an 

In the conventional method, a circuit for example; such as integer from one to n; or asP=f (A*. . . . Hconstant; or as P=f 

the logic circuit as shown in FIG- 4 or the transistor circuit (P A t< PA a« • • • « HAi- HA^, . . , HA,,. WA,, WAj 

as shown in FIG. 5 is simulated to calculate the current and 25 WA n >4constant. where PA, denotes each maximum power 

voltage, that is, a power consumption P. In the case of the consumption caused by each vector A<; HA* denotes each 

transistor circuit shown in FIG. 5, me current I flowing from number of bits each having a predetermined logical value in 

a supply voltage terminal V DD to a ground voltage terminal each vector A,; WA^ denotes a bit width of each vector A^ 

is obtained by the circuit simulation by a computer, and and where "constant" denotes a predetennined constant 

the power consumption P can be obtained on the basis of me power consumption; or as P^PAi XHAj /WA,+PA 2 xHA 2 

obtained supply voltage V ox> and the current L /WAj+. . .+PA* xHA„ /WA.+constant; or as M (PA,. HA,. 

In the above-mentioned power consumption calculation, WAjHconstant; or as P=fc=PA, xHA, /WA^f. . . .-^constant 

the upper design process exerts a great influence upon the Further, in the step of obtaining each fwer consumption. 

^J^^ 051 ^ 11 ' mSteD !l fl m ^ ° f when n-units of vectors A, are inputted to eachtoected 

^T^n ^^"^r l^nJTTu 35 function block and n>uniteof vectoW (fare outputted from 

upon tne final power consumption. Accordingly, it is . _ _ , ^ , ^ J . 

e^emely effective to estirnatemTpc^ consumption in ^ Woct ?* 

me architecture design process, whenever the^o^eTcoiH calculated by use of an approximate expression as M (A t . 

sumption of an integrated circuit is required to be mini- A^, .. .A*. Cj.Cj. . . . C^Jfconstant where n and m denote 

mizciL integers of one or more, respectively; and i and j denote an 

In the conventional calculation method, however, since 40 integer from one to n and m, respectively; or as P=f 

the power consumption of an integrated circuit has been so ^* * * » • * ) +r ontr a nt ; 01 PA^ . . . , P\,, HA t , 

far calculated by use of a logic circuit or a transistor circuit **Aa* • * * WA l , WA^ — » PCi« PCj 

the power consumption can be ^gtf™»^ only after the H *-V ^C^, * * • H Qw WC 4 . WC^ . . . , WQ„>+constant 

design process proc<^ to such a low design where denotes each maximum pow« consumption 

logic circuit design or the transistor design process. As a « caused by each vector A*; HA, denotes each number of bits 

result in the conventional method, the power consumption each havmg a predetermined logical value in each vector A,; 

has been optimized only in the logic *W gn process or the and WA » dcnotes * DU of each vector A„ and PC, 

circuit design process, by giving up the optimization of the denotes each m a x i m u m power consumption caused by each 

power consumption in the architecture design process. In vector HC, denotes each mimbcr of bus each having a 

this case, since the integrated circuit is optimizt^c^ in the 50 praktoimned logical value in each vector WC, demotes 

lower design process, the power coiisumption can not be abitwidmof each vector C^. and where -constant* denotes 

reduced effectively; in other words, the coirventional caku- a Predetermined constant power consumption; or as P^=fc= 

lation method is not effective. PA i »HAi AVA^+PA^ xHA a 7WA a +. . .+PA* xHA^ WA^ 

Further, mere exists such a conventional method that the K !i!?P 1 WC ***% J* 0 * ^F 2 ^** 0 " 

power consumption is calculated in the logic circuit design 55 ^r"^ 5* M ™ (FAf, .?2^ WA * ' ' */ }f 

process or1h7transistor circuit design process; the 3- w ** ***** ' ' ^ 

lated power coosumptioo is fed back to the architecture /wCyf . . .^constant 

design process to design the architecture again; and the logic Further, in the step of obtaining each power consumption, 

circuit and the transistor circuit are rfggjgnmi again on the n-unta of vectors Ai are inputted to each detected 

basis of the re-designed architecture. In this method, 60 faction block, the power coiisumption P is calculated by 

however.there exists a r^kmin that oie number of design use of an approximate expression as P=f (PA X . PAj, 

steps and the time required for the design increase, resulting PA n* HA t , HAj, . . . HA,,, WA 2 , WAj, . . . , WA n >+coostant 

in an increase in design cost of the integrated circuit where n denotes one or more integer, t denotes an integer 

from one to n; PA, denotes each maximum power consump- 

SUMMARY OF THE INVENTION 6j tiooam^^cacb v«lcr ^HA.dcnote^d, nUm b«iaf 

With these problems in mind, therefore, it is the object of bits each of whose logical values changes in time tnwsitioo 

the present invention to provide a method and apparatus for from a raxceding time to a current time in each vector A^; 
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WA, denotes a bit width of each vector A*, and where 
"constant* denotes a predetermined constant power con- 
sumption; or as P=f=PA, xHAi /WAi+PA 2 xHA^ 
/WAa+. . .+PA„ xHAyWA»+con$sant; or as P=f (PA,. HA,, 
WA^constant; or as B=f=PA< xHA, /WA^f. . . .+coostant 3 

Further, in the step of obtaining each power consumption, 
when n-units of vectors A, are inputted to each detected 
function block and m-units of vectors C, are outputtedfrom 
each detected function block, the power consumption P is 
calculated by use of an approximate expression as P=f (PAj . 10 

PA a PA„, HA,, HAj, . . . HA„, WA t , WA, WA„. 

PC,. PQ, PC m , HQ, HC* . . , HC^ WC X , 

WC 2 , .... WCj4constant. where n and m denote integers 
of one or more, respectively; and i and j denote an integer 
from one to n and m, respectively; PA, denotes each maxi- 15 
mum power consumption caused by each vector A,; HA, 
denotes each Dumber of bits each of whose logical values 
changes in time transition from a preceding tune to a current 
time in each vector A/, and WA, denotes a bit width of each 
vector A<. and PC, denotes each maximum power consump- 20 
tton caused by each vector C,; HC, denotes each number of 
bits each of whose logical values changes in time transition 
from a preceding time to a current time in each vector 
and WC, denotes a bit width of each vector and where 
"constant** denotes a predetermined constant power con- 23 
sumption; or as ter^PAi xHA t /WA A -*PA 2 xHA a /WA 2 +. . 
.+PA„ xIL\, /WA w 4PC l xHC, /WCj+PCa xHCj WC 2 +. . 

xHC m /WC^+constant; or as M (PA,. HA^ WA^ . . 
. PCy. HCy, WCy. . . . >+coostant; or as P*=fc=FA, xHA,. 
/WA/f 4PC, *HCj /WCyf. . .-^constant 30 

Further, the present invention provides an apparatus for 
mini bring power consumption of an integrated circuit hav- 
ing a plurality of function blocks* comprising: function 
block detecting means for detecting the function blocks 
required for a predetermined operation, in sequence; power 35 
consumption calculating means for calculating each power 
consumed when each of the function blocks detected by said 
function block detecting means is in operation; and power 
consumption summing means for summing up each power 
consumption calculated by said power consumption calcu- 40 
feting means for each function block, to output the summed- 
up power consumption as a power consumption of the whole 
integrated circuit 

Here, it is preferable that the apparatus further comprises 
a table for storing each power consumed when each of the 45 
function blocks is in operation, said power consiunptkm 
calculating means obtaining each power consumption of 
each of the detected function blocks by referring to the table. 

Further, in the apparatus for calculating the power con- 
sumption of an integrated circuit, k is also possible to 50 
rairtiinto each power corcumption of each of the det e cted 
function blocks by use of any one of the above-mentioned 
various approximate expressions. 

In the method and apparatus for calculating the power 
consumption of an integrated circuit according to the present 55 
invention, since the integrated circuit is composed of a 
plurality of function blocks, it is possible to calculate the 
power consumption in an upper design process* That is. in 
the method according to Che present invention, it is possible 
to detect only necessary function blocks required for the 60 
operation in the upper design process and to calculate the 
total power consumption of the whole circuit Since the 
power consumption can be optimized by estimating the 
power consumption in the upper design process, it Is pos- 
sible to reduce the design time and cost, as compared with 65 
the conventional method by which the power consumption 
can be estimated in only the lower design process. 



4 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a construction of an 
embodiment of the apparatus far calculating the power 
consumption of an integrated circuit according to the present 
invention; 

FIG. 2 is a flowchart showing a process procedure for 
assistance in explaining an embodiment of the method of 
calculating the power consumption of an integrated circuit 
according to the present invention; 

FIG. 3 is a model of the architecture design process of an 
integrated circuit (a microprocessor), whose power con- 
sumption can be calculated by use of the power consumption 
calculating method according to the present invention; 

FIG. 4 is a circuit diagram showing an example of a logic 
circuit; 

FIG. 5 is a circuit diagram showing an example of a 
transistor circuit; and 

FIG. 6 is a diagram showing the power consumption 
calculated by the method of an ernbodimcnt 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

An embodiment of the present invention will be described 
hercinbdow with reference to the attached drawings. In this 
embodiment the present invention is applied to calculate the 
power consumption of a niicroprocessor. 

FIG. 1 shows a construction of the embodiment of the 
apparatus of calculating a power consumption of an inte- 
grated circuit The apparatus comprises object code reading 
unit 11. object code execute unit 12. function block detect 
unit 13, power consumption calculate unit 14, a power 
consumption table 15. power consumption sum-up unit 16 
and display means 17. 

The method of calculating the power consumption of an 
integrated circuit by use of the apparatus as described above 
will be explained with reference to the flowchart as shown 
in FIG. 2. 

In step 111. a compiler (not shown) receives source codes, 
and compiles the received source codes into object codes. 
The compiled object codes are given to the object code read 
unit 11 and further to the object code execute unit 12. 

In step 102. the object code execute unh 12 analyzes the 
given object codes to retrieve instructions, and further 
executes the analyzed instructions. 

In step 1*3, the function block detect unit 13 detects the 
function hlocks required to execute instructions from a 
plurality of function blocks of the niicroprocessor. 

The case where instructions expressed by assembler 
codes, as shown below, are executed will be explained by 
way of example. 

ADDartrt. - (1) 
ADDj61.f4.i3. (2) 
ADD f7, i9 . . . (3) 

When the instructions as expressed by the above expres- 
sions (1) to (3) are executed through pipeline control, 
necessary function blocks can be dete ct ed from all the 
function blocks 21 to 34 as shown in FIG. 3 as follows: 
1. (at time tl) First, the instruction (1) is fetched. The 
function block detect unit 13 detects an instruction 
cache memory 22 as a function block required to fetch 
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the instruction (1). Further, the function Wock detect previously estimated for each function block are stored in 

unit 13 detects an incrementor 23 as a function block the form of tables and the power consumptions of the 

required to decide an address at the succeeding time. respective function blocks are obtained with reference to the 

2. (at time t2) The fetch of the instruction (2) starts. The tables. 

operation from the fetch of the instruction (2) to the 5 Without being limited only thereto, however, it is possible 
ao^ess decision at the succeeding toe is the same as to calculate the power consumptions in acccrdancTwith 

~ °L , C TEZ ( I £ * C * Q< *™ approximate expressions, without use of any table, as fol- 

Mock detect unit 13 detects the instruction cache lows: 

memory 22 and the incrcmentor 23 in sequence. For instance, in the cue where the function block. 

3. (at tune t3) The instruction ( 1) is executed. That is. data w required for some operation is the arithmetic logic calculator 
to aregisterdis added to data in a register r2. Here, the 30. since two vectors A and Bare inputted to the arithmetic 
function block detect unit 13 detects an arithmetic logic logic calculator 30. a following approximate expression (4) 
calculator 28 as the necessary function Wock required can be used. 

for the above-mentioned addition. 

At the same time, the instruction (2) is decoded to detect 15 p=i*xha ata+pbxhb /wb (4) 

a register file 26 as the function block required to read data . .... ., . . ...... 

from registers r4 and i5 where WA denotes the bit width of the input vector A; WB 

Rnther, at the same time, the inaction (3) is fetched. */Jf "J"? ^ B; HA ^ , ? CS * e 

The operation from the fetch of the instruction (3) to the !T^^ M " m^T"*™^ 5 

address decision at the succeeding time is the same as with x ^JT^ * * l0g,C J" to *S ^ ™**»> PA 

the case of the instruction (1) or L instruction (2). That is, f "£» ^j™? ^ mptl ° n * °* t 

me function block detect unit 13 detects the instruction ^ ^ ,v rf ** Am * Md 

cache memory 22 and the indemnitor 23 in sequence. ™ denotes the power consumption caused by the mput 

4. (at time 14) To execute the instruction (fed* in the jwctor B when all me bits of the input vector B are at logic 

JT^f r4 J S ^ * dat8 . in .^!^f tt !L lS JJ.T : - tte 25 Or else, the power consuniptic^ can be obtained by use of 
function block detect umt 13 detects the arithi™^ ..»™»j™.t. . r ;„T7r* ■JZZyST^Z-Z . 

logic calculator 28 as the necessary function block '^^^ ^ ° f me a PP roxunate 

required for the above-rnentioried addition. <=*frasio v h 

At the same time, the instruction (2) is decoded to detect P*=f*xCA jwa&Bxcb/wb (5) 

the register fik 26 as riie function blockrequired to read data 30 

from the registers r4 and r5. where CA denotes the number of bits whose levels change 

Further* at the same time* as the function block required m time tramition frcm 

to decode the instruction (3), me regi^ fHe 26 f cc reading time in the input vector A; and CB denotes the niimber 

data in a register r7 and data in a register r8 is detected. of bits whose levels change in time transition from the 

As described above; function blocks necessary for the as preceding tinrc to the an^ 

respective operations are detected in sequence. Here, there exists a difference between the two approxi- 

In step ltd, the power consumption calralair unit 14 niate expressions (4) and (5) as follows: in the case where 

ca l cu lat es the power consumptions of all the detected tunc- the approximate expression (4) is used, since the power 

tk>n blocks, Here, the powers consumed when the respective consumption can be calculated by use of only the current 

raoction Mocks are operated are prevwusry registered in me 40 logical values of the two input vectors A and B. it is 

power corisiirnption table 15. Therefore, the power con- unnecessary to take into account the variations of logic 

sumption calculate unit 14 calculates the power consump- values with me lapse of time. As a result, the calculation is 

tions of the respective function blocks with reference to the simple and thereby executed at a high speed. In addition, the 

power consumption table 15. Here, in mis embodiment it capacity of memory required' for calculation is relatively 

Should hfe noted that th* pfiowr mnqinyriftn i« ralni]*^ n y 45 SmalL 

the stage where the design does not proceed to the lower 1° contrast with this, in the case where the approximate 

design process. In other words, since the logical circuit expression (5) is used, since the power consumption of when 

constructions or the transistor circuit constructions of the die logical values of the input vectors A and B change can 

respective function blocks are not yet decided, it is necessary be obtained, this method is juritahlft far raimbting tH? 

to deterroiiK the power ccos^ of so ccroumption of a CMOS circuit This U because in the case 

cxprrTfTtcr. of the CMOS circuit, the current flowing therethrough 

In step lt5, the power consumption sum-up unit 16 sums whenever the logical level changes exerts a greater influence 

up the respective power consumptions of the respective U P° D the total power ooiisuittption of the CMOS circuit, as 

function blocks to calculate a total circuit power coiisump- compared with the current flowing therethrough when the 

tion. 55 input vector stays at logic [1]. 

In step 106. the presence or absence of instructions to be Or else, the power consumption can be obtained by use of 

executed is checked. IT the instruction or instructions are approximate expression (6)> instead of the approximate 

present, the processing is repeated again from steps 192 to expression (5). 
105. If not present control proceeds to step 107. 

In step 107. the display unit 17 displays the final calcu- 60 *=MxC* /wa+pbxcb /wb+pocc/wc <6) 

lated power consumption. where WC denotes the bit width of an output vector C; CC 

In this case, the power consumption can be preferably denotes the number of bits whose levels change in time 

displayed in the form of variation thereof with the lapse of transition from the preceding time to the current time in the 

time, as shown in FH3. 6. output vector C; and PC denotes the power 

In the above-mejitioned embodiment, the power con- 65 consumption caused by the output vector C 

sumption is ca lml atcd by the power consumptioa calculate Here, there exists a difference between the two approxi- 

unit 14 in such a way that various power consumptions mate expressions (5) and (6) in the case where the power 
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consumption is added by the arithmetic logic calculator 30. 
by way of example. 

When the vectors A* B and C at the preceding time are 
assumed to be 0111, 0000 and 0111. and the vectors A, B and 
C at me present time arc assumed to be 0111* 0001 and 1000 
respectively. WA, WB and WC (the bit width) are all 4. and 
CA. CB and CC (the number of changed bits) are 0, 1 and 
4, respectively. Therefore* WB in accordance with the 
approximate expression (5X and P=PB+4PC in accordance 
with the approximate expression (6). This is defined as a first 
case. 

When the vectors A, B and C at the preceding time are 
assumed to be 0110. 0000 and 0110, and the vectors A. B 
and C at the preset time are assumed to be 0110, 0001 and 
01 1 1. respectively. WA, WB and WC are all 4, and CA, CB 
and CC are 0. 1 and 1, respectively. Therefore, P=PB in 
accordance with the approximate expression (5), and P=FB+ 
PC in accordance with the approximate expression (6). This 
Is defined as a second case. 

In comparison between the first and second cases, the 
power consumption by the arithmetic logic calculator 3# is 



10 



13 



the power consumption of the actual circuit is small it is 
possible to consider that the approximate expression (5) or 
(6) Is a high precision approximate expression. 

Here, first, the case where a 4-bit ripple carry adder is 
selected as the arithmetic logic calculator 3# will be 
described hereinbelow. 

When the approximate expression (5) (the former) in 
which the output is not taken into account is used, there 
exists the power consumptions of 5x5=25 sorts. On the other 
hand, when the approximate expression (6) (the latter) in 
which the output is taken into account is used, there exists 
the power consumptions of 5x5x5=125 sorts. In other 
words, five power consumptions of the approximate expres- 
sion (6) correspond to one power consumption of the 
approximate expression (5). However, in the comparison in 
variance between both, only 23 of 125 power consumptions 
calculated by the latter approximate expression (6) exceed 
the variance of the power consumptions calculated by the 
former approximate expression (5). Further, the variance by 



the same in both as far as the approximate expression (5) is 20 the latter approximate expression (6) is 1.3 times larger than 



used. In practice, however, since the carrier propagation 
occurs in the first case, the operating portions of the circuit 
in the arithmetic logic calculator 30 must be large, with the 
result mat the power consumption in the first case must be 
large as compared with that of the second case, When the 
approximate expression (6) is used, on the other hand, since 
the power consumption (P^=FB44PQ of the arimmetk logic 
calculator 3# in the first case is larger than that (M'B+PC) 
in the second case, it is possible to calculate the power 
consumption at a higher precision. 

The comparison results between the two approximate 
expressions (5) and (6) in precision through simulation will 
be described hereinbelow. 

When the approximate expressions based upon the power 
consumption r»|ff»i«fiwg methods of the above-mentioned 
embodiment are used, since the power consumption is 
calculated on me basis of only die change in the vectors, 
even in the case where the power consumption is different 
from each other in the practical circuits, the same power 
consumption is to be obtained. In more detail, for instance, 
there exist power consuinptions of (2*) 2 =256 sorts in the 



25 



30 



35 



that by the former approximate expression (5) at the worst 
On the other hand, the variance by the former approximate 
expression (5) (in which the output is not taken into account) 
is 51.0 times larger than that by the latter approximate 
expression (6) (in which the output is taken into account). 

Further, secondly, the case where a 4-bit carry look-ahead 
adder is selected as the arithmetic logic calculator 30 will be 
described hereinbelow. 

When the approximate expression (5) (the former) in 
which the output is not taken into account is used, there 
exists the power cc«siimptions of 5x5=25 sc^ On the other 
hand, when the approximate expression (6) (the latter) in 
which the output is taken into account is used, there exists 
the power consumptions of 5x5x5=125 sorts. However, in 
the comparison in variance between both, only 20 of 125 
power consumptions calculated by the latter approximate 
expression (<S) exceed the variance of the power consump- 
tions calculated by the former approximate expression (5). 



practical circuit. Howev^. when the approdnule expression 40 L££ 
S^fceree^ empower con.un^ of 5x5=25 £2^^j2f *» £ £ 



sorts; and when the approximate expression (6) is used, there 
exists only power consuinptions of 5x5x5=125 sorts. 

The precision of the approximate expression can be 
evaluated by obtaining the variance as defined by the 
following expression (7): 

where V (X) denotes a variance of a set X; x denotes 
elements of me set X; u denotes an average value of the set 
X; and P (x) denotes a probability when x occurs. 



expression (5) at the worst. On the other band, the variance 
by the former approximate expression (5) (in which the 
output is not taken into account) is 9.0 times larger than that 
by the latter approximate expression (6) (in which the output 
45 is taken into account). 

Table 1 lists the variances obtained when the variations of 
the input A is 4, in which the underlined variances indicate 
the variances (calculated by taking the output into account) 
which exceed the variance calculated without taking the 
output into account. 



TABLE 1 



B/C 


WTIHOUTC 


0 


1 


2 


3 


4 


0 


1.8 x 1(T 7 




19 x1a* 


16 x icr* 


i4xitr» 


10x10"* 


1 


1.7 x icr 7 


3.0x10"* 


5.8 x icr* 


1.6 x ID" 7 


15 x icr 7 


33 x icr* 


2 


23 x icr 7 


7.4 x MT* 


L6 x 10" 7 


33 x lO -7 


i.6 x icr 7 


5.0x10-* 


3 


X8 x 10" T 


1.6 x Mr 7 


4j6x10" 7 


1.7 x 10~ 7 


5.8x10-* 


&9X10-* 


4 


3.4 x icr 7 


6DXHT* 


33x10* 


5.5 x lO* 


1.1 x io- T 





Accordingly, when different vectors are used in the 65 Further, in Table 1 above, there are arranged from the 
approximate expression (5) or (6) in such a way that the right column in sequence the variations B, the variances 
game pffWCT rengnmr*i"n ran "frf^m" 1 if the variance of without taking the output C into account, and die variances 
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taking the output C into account (in which the variations of of vectors C, are outputted therefrom, the following expres- 

the output C are 0, 1, 2, 3 and 4, respectively). sion (16) is used: 

As a result of the above-mentioned simulation, it can be 

understood that the calculation precision of the power con- M*Av ^ . . , a*, c„ . . , c m y*comuat (16) 

sumption is high when the approximate expression (6) (in 5 

which me output C is taken into account) is used. Here, although the expression (16) involves all the vectors 

In the above description* there have been explained the A inputted to the function block and all the vectors C 

approximate expression (4) expressed by using two input outputted therefrom, it is also possible to use the following 

vectors A and B; the approximate expression (5) expressed expression (17) expressed by only any selected numbers of 

by using the vectors whose levels change in time transition 10 the respective vectors A i and Cj (j: an integer from one to m) 

from the preceding tune to the current time; and the approxi- as follows: 
mate expression (6) expressed by using the two input vectors 

A and B and one output vector G respectively. Here, MV± . • . <J • . .)kob*« (H) 
however, other approximate expressions other man the 

above will be explained 15 Fur1hcr » when the n-units of input vectors A, are inputted 

When n-units (n: one or more integer) of vectors Al to A„ to fUnctlon Wock vectors are ouiputted 

are inputted to the function block, it is also possible to therefrom, and where the bit widths of the input vectors A, 

calculate the power consumption by use of a predetermined m dcnotcd °y Wi V> me numbers of bits each having a 

function f and a predetermined constant power consumption predetermined logical level in the vectors A, are denoted by 

in accordance with the following expression (8): 20 HC /» thc maximum power consumptions caused by the 

vectors C, are denoted by PC, respectively, it is also possible 

P=f{A it A^. . . , A>coostaat (8> to calculate the power consumption in accordance with the 

A . following approximate expression: 

Or else, without using all the input vectors of the function 

block, it is also possible to use a function f expressed by a /^(Pa„ *a„ ha* . . . . HA m wt„ wa» . . . , 

predetermined number of vectors A* (i: an integer from one 25 PC X PC^ . . . , PC*, HC t , hc* . . , hc^ wc a , 

to n) in accordance with the following expression (9): ^ * • » WCJ****** (18) 

P=f{A 0 . . yKxyastam (9) Further, the above-mentioned expression (18) is not lim- 

. . ited only to a linear expression as shown by the following 

Further, when the n-umts of input vectors A, are inputted 30 expression (19) but involves a quadratic non-linear expres- 

to the function block, and where the bit widths of the input sion ^ shown by the following jfT"~«inn (20)* 
vectors \ are denoted by WA,; the numbers of bits each 

having a predetennined logical value in the vectors A, are M**t vwm#h» j«4, . -+*K /WV*H. 

denoted by HA,; and the maximum power consumptions *NC l AVC t +PC t jiHC t /we 2 +. .+rc m iHC m /wc„+coo- 

caused by the vectors A, are denoted by PA* respectively, it 35 C 19 ) 
is also possible to calculate the power consumption in 

accordance with the following approximate expression: ^1^^^ 

^(JH,, Mj, . . , PA^ HA,, HA^, . . . , HA^ WA lt WA^ . . . , "** (20) 

WA a >KXJCBd»t (10) 

40 Here, it is also possible to use any selected number of 

The above-mentioned expression ( 10) is not limited only input vectors A, and output vector C, as follows: 
to a linear expression as shown by the following expression 

(11) but involves a quadratic non-linear expression as shown M<?*+ WAp . . . , c, tff, wc r . .>*ccostani (21) 

by the following expression (12): 

43 Further, in this case, the above-mentioned expression (21) 

p=£#a x xHA x /WAi+PA; xHAz /wa^-. sha* /rm,4o» is not limited only to a linear expression as shown by the 

** axt Ol) following expression (22) but involves a quadratic aon- 

P=f=PA x x*iA* /WA^ ^/wa, + . ^ 4** /wa^ linear expression (23) as follow: 



stent (12) 



M=*** «HA* /WA^K ,4Cj xHC, fWcf. Atomtaxt (22) 



The above expression (12) is effective when the function 

block is a tnuhiprirr of array structure, for *f f***HA? MA&- -+*HC? JWC^. . .-hxossv* (23) 

Further, in the above expression (10), all the input vectors 

A inputted to the function block are used. However, il is also Further, when the n-units of input vectors A, are inputted 

possible to use any selected number of vectors A, as follows: tote function block, and where the bit widths of the vectors 

33 A, are denoted by WA,; the numbers of bits each of whose 

P=f (PA* M** WA b . . .)» tunuu t (i3) logical values changes in time transition from the preceding 

„ tt .... ^ ^ ± , time to the current time in the vectors A. are denoted by HA. ; 

* ST5^ ^ *f^^^^«^<f(^) and the maximum power consiimptions caused by me ve5- 

foi w^n^tnn n\T^ * * denoted by PA,, u3^ssible to calculate the 

following expression (14) but involves a quadratic non- 60 coiisumption in^ccordancVwith the followin* 

linear expression as shown by the following expression (14): ^pro^e^^on" g 

F=f=FAi xHAt /WAfr. . Aconsao* (14) 

J^CMt.JSIfe * . r^HA^HA*. . . , HA^ m b WA*. . , 
P=f=rA t xHA* /WAS. • .-K«BUnl (15) W^jKXDBtmt (24) 

63 

Furmer, when n-units of vectors A, are inputted to the Further, the above-rnentioned expression (24) is not lim- 
function block and fiirther m-units (mc one or more integer) ited only to a linear expression as shown by the following 
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expression (25) but involves a quadratic non-linear expres- consumption in accordance with the following approximate 
sion as shown by the following expression (26): expression (34): 

xHA x WA X +PA 2 A»t 2 +. . *H\ MAjixa* c CVl-l), - - - , <^0% -Konst (34) 

stmt (25) 3 

As described above, in the power consumption caiculat- 

P=H*\ MA x +PA r xHk? /wa 7 +. . . +m m xtiA m 2 /WAjr f^g method according to the present invention, the power 

CODSt * aS (26) consumption can be calculated even in the upper design 

. ^„ , _ . . . process such as the architecture design process. As a result 

Here, it is also possible to use any selected number of £ ^ ^ opa^ ^ ^ consumption and thereby 

input vectors A, and output vector C, as follows: to reduce the deS^dme and cost, as cornpared with the 



HA> WA+ . . .)uxns*mt (27) 



P=f=fi\t xttA? MAg*. . .constat (29) 



conventional method by which me power consumption can 
be estimated in only the lower design process such as the 
_ . . € . ^ L . . logic circuit design or the transistor circuit design. 

Further, in this case, the above-mentioned expression (27) What is dairnedis- 
is not limited only to aUnear expression as shown by the lK mdhod of usin a ^ to ^ ^ 

following expression (28) but involves a quadratic non- nmte consumptio!l ^ integrated circuit having a 
linear expression (29) as follows: plurality of upper-level function blocks, at least one of said 

_ ^ function blocks having a different function with respect to 

r=M***HA>M* - (28) ^ anofha ^ ^ f anction blocks, said computer being con- 

nected to an output unit, said method comprising the steps 
of: 

Further, when the n-units of input vectors A 1 are inputted detecting the function blocks which are operative during 
to the function Mock and further the m-units of the vectors a predetermined operation; 

C are outputted therefrom, airi widths 23 aeieniiining a power consumption in operation of each of 

of the vectors A, are denoted by WA,; the numbers of bits the detected function blocks; 

each of whose logical values changes in time transition from summing up the power consumption determined for each 
the preceding time to the current time in the vectors A* are detected function block; and 

denoted by HA*; the maximum power consumptions caused outputting data co r r esp onding to the summed-up power 
by the vectors A, are denoted by PA/, the bit widths of the 30 consumption as the approximate power consumption of 
vectors C, are denoted by WC/ the numbers of bits each of the integrated circuit to die output unit 

whose logical values changes in time transition from the 2. The method of using a computer to catniUrc an 
preceding time to the current time in the vectors Cj are approximate power consumption of an integrated circuit of 
denoted by HC/> and the maxirmirn power consumptions Halm l % wherein, in the step of determining the power 
caused by the vectors Cj arc denoted by PC^ it is also 35 consumption of each of the detected function blocks, the 
possible to calculate the power consumption in accordance power consumption is determined by referring to a table in 
with the following approximate expression (30) by use of which a previously registered power consumption is stored 
any selected numbers of the respective vectors A, and C/ for each of the plurality of function blocks. 

3. The method of using a computer to calculate an 
p=±=m* ha* WAt, . . . , Cj> HC P wc p . . . >4cooBtn« (X) 40 approximate power consumption of an integrated circuit of 

claim 1, wherein, in the step of determining the power 
Further, in this case, the above-mentioned expression (30) consumption of each of the detected function Mocks, when 
is not limited only to a linear expression as shown by the n-units of vectors A, are inputted to one of the detected 
following expression (31) but involves a quadratic non- function blocks, the power consumption of the one detected 
linear expression (32) as follows: 45 function block, denoted by P. is calculated by use of an 

approximate expression represented by a predetermined 
P^=f*, xHA t /wa^v aCj mHC, /wc^. . .-Kxnstmt (31) function, denoted by £ and a constant power consumption as 

follows: 



f*=£J* t xHA* AKA<K .+Cj *HC/ /WCfi . .«xx*um (32) 



When the n-units of input vectors A t are inputted to me 

function block, and where the vectors A t at a current time where n denotes an integer of one or more; and i denotes 

arc denoted by A/t); and the vectors A, at a preceding time an integer from one to n. 

are denoted by A*(t-1), it is possible to calculate the power 4. The method of using a computer to calculate an 

consumption in accordance with the following approximate 55 approximate power consumption of an integrated circuit of 

expression (33): claim L wherein, in the step of deterjniining the power 

consumption of each of the detected function blocks, when 

p=&Ajfl, A,(*-i), jMO. AjO-i), . . . . Ajiy AjM))«w>- n-units of vectors A, are inputted to one of the detected 

«** C 33 ) function blocks, the power consumption of the one detected 

60 function block, denoted by P. is calculated by use of an 

When the n-units of input vectors A, are inputted to the approximate expression represented by a rxedetenrdned 

function block and m-units of output vectors arc outputted to function, denoted by £ determined on the basis of any 

the functioo block, and where the vectors A, at a current time selected number of the vectors A^ and a constant power 

are denoted by A/t); the vectors A< at a preceding time are consumption as follows: 

denoted by Aj(t-lX the vectors C, at a current time are 63 

denoted by Cy(t); and the vectors C, at a preceding time are f*=f(At> • • - >#eaat*m power comnmfrirm 
denoted by C/t-l), it is possible to calculate the power 
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where n denotes an integer of one or more; and i denotes 
an integer from one to n. 

5. Hie method of using a computer to calculate an 
approximate power consumption of an integrated circuit of 
daim 1* wherein, in the step of determining die power 
consumption of each of the detected function blocks, when 
n-units of vectors A, are inputted to one of the detected f 
unction blocks and m-units of vectors Cj are outputted from 
the one detected function block, the power consumption of 
the one detected function block, denoted by P. is calculated 
by use of an approximate expression represented by a 
predetermined function, denoted by f, and a constant power 
consumption as follows: 

P=f (Ai* A* • • K> C t , . . t C^J+cocstaat power consumption 



where n and m denote integers of one or more, respec- 
tively; and i and j denote an integer from one to n and 
m, respectively. 

6. The method of using a computer to calculate an 
approximate power consumption of an integrated circuit of 20 
claim 1, wherein, in the step of determining the power 
consumption of each of the detected function blocks, when 
n-units of vectors A* are inputted to one of the detected 
function blocks and m-units of vectors C, are outputted from 
the one de tec ted function block, the power consumption of 25 
the one detected function block, denoted by P. is r*ilnil«tf»rf 
by use of an approximate expression represented by a 
predetermined function, denoted by f. determined on the 
basis of any selected numbers of the respective vectors A, 
and and a constant power consumption as follows: 



where n denotes an integer of one or more; m denotes an 
integer of one or more; i denotes an integer from one to 
n; j denotes an integer from one to m; A/t) denotes A^ 
at a current time; A/t-1) denotes A* at a preceding 
5 time; C/t) denotes C, at a current time; and C/t-1) 
denotes C at a preceding time. 
9. The method of using a computer to calculate an 
approximate power consumption of an integrated circuit of 
claim 1, wherein, in the step of determining the power 
to consumption of each of the detected function blocks, when 
n-units of vectors A, are inputted to one of the detected 
function blocks, the power consumption of the one detected 
function block, denoted by P, is calculated by use of an 
approximate expression represented by a predetermined 
15 function, denoted by f, and a constant power consumption as 
follows: 



/^(fHj, Aj, ...» B\ m HA t , HAf, HA m WA iy WA^ . 
ccitstiiit power corraimptiou 



30 



where n denotes an integer of one or more; i denotes an 
integer from one to n; PA, denotes a respective maxi- 
mum power consumption caused by each vector A,; 
HA, denotes a respective number of bit s hav ing a 
predetermined logical value in each vector A,; and WA, 
denotes a respective bit width of each vector A*. 
10. Hie method of using a computer to <*l<nfote an 
approximate power consumption of an integrated circuit of 
daim 9, wherein the predetermined function f is expressed 
as 



where n and m denote integers of one or more, respec- 
tively; and i and j denote an integer from one to n and 35 
m. respectively. 

7. The method of using a computer to calculate an 
approximate power consumption of an integrated circuit of 
daim L wherein* in the step of deternuning the power 
consumption of each of the detected function blocks, when 40 
n-units of vectors A, are inputted to one of the detected 
function blocks, the power consumption of the one dftfftrd 
functioo block, denoted by P. is calculated by use of an 
approximate expression represented by a predetermined 
function, denoted by f„ and a constant power consumption as 45 
follows: 

*#*»(0> *.<^1X Arf* A&-1\ Aj(*), 4/*4)>KQotwl 



50 



55 



where n denotes an integer of one or more; i denotes an 
integer from one to uA/t) denotes A,- at a current time; 
and A/t-l) denotes A* at a preceding time. 

8. The method of using a computer to calculate an 
approximate power consumption of an integrated circuit of 
daim 1. wherein, in the step of deternuning the power 
consumption of each of the detected function blocks, when 
n-units of vectors A, are inputted to one of the detected 
function blocks and m-units of vectors Cj are outputted from 
the one d et ected function block, the power consumption of 
the one detected function Mock, denoted by P. is ™\™\*t+A 
by use of an approximate expression represented by a 
predetermined function, denoted by f. and a constant power 
consumption as follows: 

IX C^<\ C&-1\ . . , CJfr 0#-l))K*B9tuii power cco- 



1L The method of using a computer to calculate" an 
approximate power consumption of an integrated circuit of 
claim 1. wherein, in the step of deternuning the power 
consumption of each of the de te cte d function blocks, when 
n-units of vectors A, are inputted to one of the detected 
function blocks, the power consumption of the one de tecte d 
function block, denoted by P. is calculated by use of an 
approximate expression represented by a predetermined 
function, denoted by f. detenmned on the basis of any 
selected number of the vectors A* and a constant power 
consumption as follows: 

P=f (fH^ HAf, WA M . . . y+coDstaat power cntraimitim 

where n denotes an integer of one or more; i denotes an 
integer from one to n; PA< denotes a respective maxi- 
mum power consumption caused by each vector A,; 
HA; denotes a respecti v e number of bits hav ing a 
predetermined logical value in each vector A, ; and WA, 
denotes a respective bit width of each vector A,. 
12. The method of using a computer to calculate an 
approximate power consumption of an integrated circuit of 
daim 11* wherein the predetermined function f is expressed 
as 



60 



63 



13L The method of using a computer to calculate an 
approximate power consumption of an integrated circuit of 
daim 1, wherein, in the step of determining the power 
consumption of each of the detected function blocks, when 
n-units of vectors A, are inputted to one of the detected 
function blocks and m-units of vectors C, are outputted from 
the one detected function block, the power consumption of 
the one detected function block, denoted by P. is ^iniiat^ 
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by use of an approximate expression represented by a function blocks, the power consumption of the one detected 

predetermined function, denoted by f. and a constant power function block, denoted by P. is calculated by use of an 

consumption as follows: approximate expression represented by a predetermined 

function, denoted by f, and a constant power consumption as 

P=f (/H4, M2, . . . W,, HA V HA2 ♦ - » HA^ WA if WA^. . . , WA^ , follows* 

WC^>kmc^ powcoosuxnptiro P=fV*f PA*, HA ly HA* . . , HA., WA lt WA*..., 

where n and m denote integers of one or more, respec- 
tively; and i and] denote an integer from one to n and where n denotes an integer of one or more; i denotes an 
m, respectively; Yp\ denotes a respective m a ximum integer from one to n; PA, denotes a respective maxi- 
power consumption caused by each vector A<; HA< mum power consumption caused by each vector A,; 
denotes a respective number of bits having a predeter- HA, denotes a respective number of bits having logical 
mined logical value in each vector A,; and WAj denotes values which change in a time transition from a pre- 
a respective bit width of each vector A*, and PC,- ceding time to a current time in each vector A,; and WA, 
denotes a respective maximum power consumption 13 denotes a respective bit width of each vector A,, 
caused by each vector C ; ; HC, denotes a respective 18. The method of using a computer to calculate an 
number of bits having a prredetenmned logical value in approximate power consumption of an integrated circuit of 
each vector Cp and WC y denotes a respective bit width claim 17 wherein the predetermined function f is expressed 
of each vector Cj. _ as 

14 The method of using a computer to calculate an 20 

approximate power consumption of an integrated circuit of P=f=f* t *ha, /wa^pa 2 *ha 7 /wa^. . xHA. WAjccn- 



claim 13, wherein the predetermined function f is expressed 

as 19. The method of using a computer to calculate an 

j^pa ma /wa +/* jul. /wa^ +f*-*HA-/WA+PC 25 approximate power consumption of an integrated circuit of 

^ * wherein, in Ae *^deftn^ * 

power censrnn^tkm. consumption of each of the detected function blocks, when 

t n-units of vectors A, are inputted to one of the detected 

15. The method of using a computer to calculate an function blocks, the power consumption of the one detected 

approximate power consumption of an integrated circuit of function block, denoted by P. is calculated by use of an 

claim 1, wherein, in the step of detexnuning the power approximate expression represented by a predetermined 

consumption of each of the detected function blocks, when function, denoted by f. determined on the basis of any 

n-units of vectors A, are inputted to one of the detected se | ecte( | number of the vectors A*, and a constant power 

function Nocks and m-units of vectors C, are outputted from cniisumption as follows: 
the one detected function block, the power consumption of 

the one detected function block, denoted by P. is calculated 35 MP** HA 0 WA^... >m>ost«nt powa corociptkn 
by use of an approximate expression represented by a 

predetermined function, denoted by f, determined on the where n denotes an integer of one or more; i denotes an 

basis of any selected numbers of the respective vectors A, integer between one and n; VAt denotes a respective 

and and a constant power consumption as follows: maximum power consumption caused by each vector 

^ 40 A,; HA, denotes a respective number of bits having 

w*» . . . , PC,. hc p wc> . . >K«M«ant power logical values which change in a time transition from a 

coc * un3ptxm preceding time to a current time in each vector A, ; and 

A . _ . WA, denotes a respective bit width of each vector A,. 

where n ami m denote integers of one or more, respec- ^ method ofSng a computer to calculate an 

tively; i and j denote an integer from one to n and m. 45 aptroximi tc power «ms^n^on rfTmtegrated circuit of 

"*P^* P \<^ S^^ti^c^^ loSTf li expressed 

consumption caused by each vector A/, 1^ denotes a as 

respective number of bits having a predetenmned logi- 
cal value in each vector A^ and WA, denotes a respec- ^^^...-Kast^pmcoim^ 
tive bit width of each vector A,; PC, demotes a respec- 50 

tive maximum power co^umptioo caused by each XL The method of using a computer to calculate an 

vector C; HC, denotes a respective number of bits approximate power consumption of an integrated circuit of 

having a Redetermined logical value in each vector C/> claim 1. wherein, in the step of determining the power 

and WCy denotes a respective bit width of each vector consumption of each of the de te cted function Mocks, when 

q 55 n-units of vectors A< are frp"">d to one of the de t ected 



1& The method of using a computer to cal cu late an function blocks and m-units of vectors Cj are outputted from 
approximate power consumption of an integrated circuit of the one detected function block, the power consumption of 
daim 15, wherein me predetermined function f is expressed the one detected function block, denoted by P, is calculated 
a5 by use of an approximate expression represented by a 

go predetermined function, denoted by f , and a constant power 

P=f=PAi xHA, WAfr. . . +PCj xMC, /WC/K . .+conncns power consumption as follows: 



_ , r . . , F^f^fA, M„HA v HA*...HA„WA lt WA 2 , .., 

17. The method of using a computer to calculate an wa^ pc 1t pc*.... pc^ hc u hc* . . . «C wc lt wc> . 

approximate power consumption of an integrated circuit of . , wc m ycotmtaxi powey e omiwn*Wi 
rfflim 1, wherein, in the step of detennining the power 65 

consumption of each of the detected function blocks, when where n and m denote integers of one or more, respec- 

n-units of vectors A< are inputted to one of the detected tively; and i and j denote an integer from one to n and 
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m, respectively; PA, denotes a respective maximum function blocks when each of the detected function 

power consumption caused by each vector A^; HA* blocks is in operation; and 

denotes a respective number of bits having logical power consumption summing means for summing up the 
values which change in a time transition from a pre- respective power consumption calculated by said 

ceding time to a current time in each vector A,; and WA, s power consumption calculating means for each 
denotes a respective bit width of each vector A^ and detected function block, said power consumption sum- 

PC^ denotes a respective maximum power coosumptioQ rning means providing the summed-up power con- 

caused by each vector C y ; HC y denotes a respective sumption as the approximate power consumption of the 

number of bits having logical values which change in integrated circuit 

a time transition fix>m a preceding time to a current time 10 26. The apparatus for calculating an approximate power 
in each vector C; and WC. denotes a respective bit consumption of an integrated circuit of claim 25. further 
width of each vector C comprising a table for storing a predetermined power coo- 

22. The inethod of usin£ a computer to calculate an sumed when each of the function blocks is in operation, said 
approximate power consumption of an integrated circuit of P° wcr consumption calculating means detennining the 
daim 21. wherein the predetermined function f is expressed 15 respective power consumption of each of the detected func- 
as tion blocks by referring to said tahle. 

27. The apparatus for calculating an approximate power 
P^f^i xHA, /HMj+fHj xHA 2 /WA 2 +. . .4fl^ xHA^ AVA.+/H7, consumption of an integrated circuit of claim 25. wherein 
xHCi rNC.i+PCj*HC 7 AVC 7 +. . *HC m /WC^HxaOMOL when n-units of vectors A, are inputted to one of the detected 
pew consumption. ^ function blocks, said power consumption calculating means 

23L The method of using a computer to calculate an calculates the power consumption of the one detected tunc- 
approximate power consumption of an integrated circuit of tion WodL ^*f d use a*^*^ expre s- 

claim 1. wherein, in the step of determining the power *ion represented by a predetenmned funcnon, denoted by f. 
consumption of each of the detected Iftmd^ccfa, when and a ***** P° wer ^sumption as follows : 

n-units of vectors A, are inputted to one of the detected 25 A A 

function blocks and m-units of vectors C, are outputted from Wi^.-./i^^^coo^ 

die one detected function block, £e power oonsumption of where n denotes an integer of one or more; and i denotes 

the one dt*c^ function block, denoted by P. is calculated an integer from one to n. 

by use of an ar^imate expression ^represented by a 28. The apparatus for calculating an approximate power 
Determined ft^on. *aort ty f. determined on the 30 ^ umpd ^^ aa integrated crfcUim 25. wherein 

baas of iiny selected numbers of the respective vectors A, wtoTunLc^ vector^ detected 
and CV and a constant power consumption as follows: function blocks, said power co^uupdon calculating means 

Mif** ha 0 wa„..., PCpHCj, wc P . . .)*cDstaQt power calculates the power consumption of the one detected tunc- 
tui sumpU ott tion block, denoted by P. by use of an approximate cxpres- 

35 sion represented by a predetermined function, denoted by f. 
where n and m denote integers of one or more, respec- determined on the basis of any selected number of the 
trvefy; i and j denote an integer from one to n and m, vectors A*, and a constant power consumption as follows: 
respectively; PA< denotes a respective nMitmtmi power 

consumption caused by each vector A<; HA, denotes a M1A*>- .>«a»tot pow consumption 

respective number of bits having logical values which 

change in a time transition from a {receding time to a where n denotes an integer of one or more; and i denotes 
current time in each vector A^ and WA- denotes a an integer from one to n. 

respective bit width of each vector A,; PC, denotes a 29. The apparatus for calculating an apfvoximate power 
respective maximum power consumption caused by consunuiuon of an in t eg r a t ed circuit of claim 25. wherein 
each vector HC, denotes a respective number of bits when n-units of vectors A,- are inputted to one cf the detected 
having logical values which change in a time transition function blocks and nMimU cf vectore C y are output^ 
from 1 preceding time to a current time in each vector mc 000 octected function block, said power consumption 
C* and WC denotes a respective bit width of each calculating means calculates the power cc*isumprion of the 
vector C one detected function block, denoted by P. by use of an 

24. The method of using a computer to an 50 a PP rt J xmiltc expression represented by a fvedctermined 
approximate power consumption of an integrated circuit of function, denoted by land a coiistam power consumption as 
daim 23. wherein me predcte^^ follows: 

as 

{A0 Az» - • » A m Cj, . . ( C^tcosMmt power mnmmpuou 

P=f=M< xHA, /WA^. . . . +PCj xHCj /WC*. . .««utiit power 33 

^^mytwwv where n and m denote integers of one or more, respec- 

^ m „ tivcly; and i and j denote an integer from one to n and 

25. An apparatus for calculating an approximate power ^ respectively 

consumption of an integrated circuit having a plurality of 3* The meatus for calculating an apcraimate power 
upper-level function blocks, at least one of said function a consuinptioi of an integrated circuit of claim 25. wherein 
blocks having a difficrei* function wto when n-uirts of vectors A, are inputted to one of the detected 

said function Mocks, comprising: function blocks and m-units of vectors C, are outputted from 

function block drrwting means for detecting me function the one detected function block, said power consumption 
blocks which are operative during a predetermined calculating means ralral*t«g the power consumption of the 
operatioo; 65 one detected function block, denoted by P. by use of an 

power consumption catn i laring means for calculating a approximate expression represented by a predetermined 
respective power consumption of each of the detected function, denoted by f. determined on the basis of any 
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selected numbers of the respective vectors A, and Cj. and a 
constant power consumption as follows: 



Mi** 



■)i lumtmt power coosmpboo 



where n and m denote integers of one or more, respec- 
tively; and i and j denote an integer from one to n and 
m, respectively. 

31. The apparatus for calculating an approximate power 
consumption of an integrated circuit of claim 25, wherein 
when n-units of vectors A, are inputted to one of the detected 
function blocks, said power consumption calculating means 
calculates the power consumption of the one detected func- 
tion block, denoted by P. by use of an approximate expres- 
sion represented by a predetermined function, denoted by f, 
and a constant power consumption as follows: 



power coosunption 



where n denotes an integer of one or mare; i denotes an 
integer from one to n; A/t) denotes A, at a current time; 
and A/t-1) denotes A, at a preceding time, 

32. The apparatus for calculating an approximate power 
consumption of an integrated circuit of claim 25. wherein 
when n-units of vectors A, are inputted to one of the detected 
function blocks and m-units of vectors C are outputted from 
the one detected function block, said power consumption 
calculating means calculates the power consumption of the 
one detected function block, denoted by P. by use of an 
approximate expression represented by a predetermined 
function, denoted by f. and a constant power consumption as 
follows: 

PzAAtfo i**M. AjCMX .... AXfX AJt-l^ d(A C,(i- 

i). Ca(*-ix .... cut% c ( j^i)>Koosam pom coo- 



where n denotes an integer of one or more; m denotes an 
integer of one or more; i denotes an integer from one to 
n; j denotes an integer from one to hk A/fy denotes A* 
at a current time; A^t-1) denotes A, at a preceding 
time; C/t) denotes Cj at a current time; and C/t-1) 
denotes C y at a preceding time, 
33. The apparatus for calculating an approximate power 
consumption of an integrated circuit of daim 25. wherein 
when n-units of vectors A. are inputted to one of tiie detected 
function blocks, said power consumption calculating means 
calculates the power consumption of the one detected func- 
tion block, denoted by P. by use of an approximate expres- 
sion represented by a predetermined function, denoted by f, 
and a constant power consumption as follows: 



P±f(PA x ,PA 2r ...FA m .HA t .HA ? ,.. 
WA^+qqb&uA power wifuirytooD 



#1A_ WA U WA* . . 
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when n-units of vectors A, are inputted to one of the detected 
function blocks, said power consumption calculating means 
miming the power consumption of the one detected func- 
tion block, denoted by P. by use of an approximate expres- 
sion represented by a predetermined function, denoted by f, 
determined on the basis of any selected number of the 
vectors A,, and a constant power consumption as follows: 

f^(PA* HA 0 WA+ . . .Hcoostam power consumption 

where n denotes an integer of one or more; t denotes an 
integer from one to n; PA, denotes a respective maxi- 
mum power consumption caused by each vector A,; 
HA* denotes a respective number of bits having a 
predetermined logical value in each vector A<; and WA, 
denotes a respective bit width of each vector A,. 

36. The apparatus for calculating an approximate power 
consumption of an integrated circuit of claim 35, wherein 
the predetermined function f is expressed as 

20 ft^=fH i xHA t WAfr* . . .-Kxmtfant power cocsumptioo. 

37. The apparatus for calculating an approximate power 
consumption of an integrated circuit of claim 25. wherein 
when n-units of vectors A, are inputted to one of the dete c ted 

23 function blocks and m-units of vectors C, are outputted from 
the one detected function block, said power consumption 
4*tt |fn|nting means calcvla fr* the power consumption of the 
one detected function block, denoted by P. by use of an 
approximate expression represented by a predetennined 

30 function, denoted by f. and a constant power consumption as 
follows: 

P^(fi^i T ...» JH,^ AM|, HA}, . . , HA^ WA%+ 1M%a» ...» 
WA^ PC}* PC^t » • - • » PCip HC%* HC-j* * * » H CT ^ W£*2» 
. . . , WC^H/oootMst power ootwiimpticc 

where n and m denote integers of one or more, respec- 
tively; and i and j denote an integer from one to n and 
no, respectively; PA, denotes a respective Tnaximum 
power consumption caused by each vector A,; HA, 
40 denotes a respective number of bits having a predeter- 
mined logical value in each vector A,; and WA, denotes 
a respective bit width of each vector A*, and PC, 
denotes a respective maximum power cc*sumrrtion 
caused by each vector C^; HC, denotes a respective 
45 number of bits having a predetermined logical value in 
each vector C/, and WC, denotes a respective bit width 
of each vector C, 

38. The apparatus far calculating an approximate power 
consumption of an integrated circuit of daim 37, wherein 

30 the predetennined function f is expressed as 



35 



where n denotes an integer of one or more; i denotes an 
integer from one to n; Eft, denotes a respective maxi- 55 
mum power consumption caused by each vector A,; 
HA, denotes a respective number of bits having a 
predetermined logical value in each vector A,; and WA, 
denotes a respective bit width of each vector A r 
34. The apparatus for calculating an approximate power 60 
consumption of an integrated circuit of daim 33. wherein 
the predetermined function f is expressed as 



P=f=FA v XHA t AM****)!, jrfMj /W%, +, . .+«„ MA, /WA m + 



65 



35. The apparatus for calculating an approximate power 
consumption of an integrated drcuit of claim 25. wherein 



39. The apparatus for calculating an approximate power 
consumption of an integrated circuit of daim 25. wherein 
when n-units of vectors A, are inputted to one of the detected 
function blocks and m-units of vectors are outputted from 
the one detected function block, said power consumption 
calculating means calculates the power consumption of the 
one detected function block, denoted by P, by use of an 
approximate expression represented by a predetennined 
function, denoted by f, determined on the basis of any 
selected numbers of the respective vectors A t and and a 
constant power consumption as follows: 

P=f(PA+ HA+ WA+ . . , , PCp HCj, WCjt • * .)\tvnj*mt power 
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where n and m denote integers of one or more, respec- 
tively; i and j denote an integer from one to n and m. 
respectively; PA, denotes a respective maximum power 
consumption caused by each vector A,; HA* denotes a 
respective number of bits having a predetermined logi- 
cal value in each vector A,; and WA, denotes a respec- 
tive bit widm of each vector A*; PC, denotes a respec- 
tive maximum power consumption caused by each 
vector Cj\ HC, denotes a respective number of bits 
having a predetermined logical value in each vector C/ 
and WC, denotes a respective bit widm of each vector 
Cr 

40. The apparatus for calculating an approximate power 
consumption of an integrated circuit of claim 39. wherein 
the predetermined function f is expressed as 



coDsumptioQ, 



4L The apparatus for calculating an approximate power 
consumption of an integrated circuit of claim 25, wherein 
when n-units of vectors A, arc inputted to one of the dftfcted 
function blocks, said power consumption calculating means 
calculates the power consumption of the one detected func- 
tion block, denoted by P. by use of an approximate expres- 
sion represented by a predetermined function* denoted by f, 
and a constant power consumption as follows: 



10 



15 



20 



J^(P*i, PA* PA^ HA V HA* . . 

Wt^foooftsnt power ^iWTTmpi** 1 "^ 



HA m WA ly WA^ . . 



where n denotes an integer of one or more; i denotes an 
integer from one to n; PA, denotes a respective maxi- 
mum power consumption caused by each vector A,; 
HA* denotes a respective number of tats having logical 
values which change in a time transition from a pre- 
ceding time to a current time in each vector A,; and WA, 
denotes a respective bit width of each vector A*. 
42. The apparatus for calculating an approximate power 
consumption of an integrated circuit of claim 41. wherein 
the predetermined function f is expressed as 



when n-units of vectors A, are inputted to one of the detected 
function blocks and m-units of vectors Cj are oulptitted from 
the one detected function block, said power consumption 
n>iniintin£ means calculates the power consumption of the 
one detected function block, denoted by P. by use of an 
approximate expression represented by a predetermined 
function, denoted by f. and a constant power consumption as 
follows: 

P=f (fHt/Ma, .... /M*, IM|, HA*, . . , HA^ WA it WA* . . . WA^ 
PCt* PCj., .... PC^ //C| f HC2, ■ - . NCm> WC lt H^Cj, .... 
WC m jyia UHltm power oonsonoptm 

where n and m denote integers of one or more, respec- 
tively; and i and j denote an integer from one to n and 
m. respectively: PA, denotes a respective maximum 
power consumption caused by each vector A,; HA, 
denotes a respective number of bits having logical 
values which chance in a time transition from a pre- 
ceding time to a current time in each vector A,; and WA, 
denotes a respective bit width of each vector A^ and 
PCy denotes a respective ma»fmnm power consumption 
caused by each vector C,; HC, denotes a respective 
number of bits having logical values which chance in a 
time transition from a preceding time to a current time 
in each vector C y ; and WCy denotes a respective bit 
width of each vector C r 
46. The apparatus for calculating an approximate power 
consumption of an integrated circuit of claim 45. wherein 
the predetermined function f is expressed as 

P=piSA % xHA t /J*X,+M, *HA 7 /WA t +. . jrffA. /WA^PC^ 
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43. The apparatus for catndating an approximate power 
consumption of an integrated circuit of claim 25. wherein 
when d- units of vectors A, are inputted to one of the detected 
function blocks, said power consumption ralmbiting means 
calculates the power consumption of the one detected func- 
tion block, denoted by P. by use of an approximate expres- 
sion represented by a predetermined function, denoted by f. 
determined on the basis of any «^*^*t number of the 
vectors A*> and a constant power consumption as follows: 

P^f (JH* HA+ WA^ . . .^tcoutmt purar 
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47. The apparatus for calculating an approximate power 
consumption of an integrated circuit of claim 25. wherein 
when n-units of vectors A, are inputted to one of die detected 
function blocks and m-units of vectors Cj are outputted from 
the one detected function block, said power consumption 
calculating means calculates the power consumption of the 
one detected function block, denoted by P. by use of an 
approximate expression represented by a predetermined 
40 function, denoted by f, determined on the basis of any 
selected numbers of the respective vectors A, and C, . and a 
constant power consumption as follows: 

M (W* MA* JW» . . .» PC, HC, WC, - 



45 



where n denotes an integer of one or more; i denotes an 
integer between one and n; PA, denotes respective 
maximum power consumption caused by each vector 
A,; HA, denotes a respective number of bits having 
logical values which change in a time transition from a 
preceding time to a current time in each vector A, ; and 
WA, denotes a respective bit width of each vector A^ 

44. The apparatus for calculating an approximate power 
consumption of an integrated circuit of claim 43 wherein the 
predetermined function f is expressed as 

P -J—FAf xHA i . . Acaatitstt power cousumptioo. 

45. The apparatus for calculating an approximate power 
consumption of an integrated circuit of claim 25. wherein 



so 
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where n and m denote integers of one or more, respec- 
tively; i and j denote an integer from one to n and m. 
respectively; P\ denotes a respective maximum power 
consumption caused by each vector A,; HA, denotes a 
respective number of bits having logical values which 
chance in a time transition from a preceding time to a 
current time in each vector A,; and WA, denotes a 
respective bit width of each vector A,; PC, denotes a 
respective maximum power consumption caused by 
each vector C; HC, denotes a respective number of bits 
having logical values which change in a time transition 
from a preceding time to a current time in each vector 
and WCy denotes a respective bit width of each 
vector C^. 

4& The apparatus for calculating an approximate power 
consumption of an integrated circuit of claim 47. wherein 
the predetermined function f is expressed as 



/>*WH, xHA t /WA,*. . . .+PCjxHCj/tVCj*. 
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49. The apparatus for calculating an approcrimate power 
consumption of an integrated circuit of claim 25. wherein 
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said power consumption calculating means calculates the 
power consumption, denoted by P. by use of an approximate 
expression represented by a predetermined function, 
denoted by f . and a constant power consumption as follows: 

F=f(fK HA. WA.PQHC, WC>*consUnt power coDstsnptkn 

where all signals inputted to each of the facetted function 
blocks are denoted by vector A; all signals outputted 
from each of the detected function blocks are denoted 
by vector C; a mnimum power consumption caused by 
the vector A is denoted by PA; a number of bits having 
logical values which change in a time transition from a 
preceding time to a current time in the vector A is 
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denoted by HA; a bit width of the vector A is denoted 
by WA; a maximum power consumption caused by the 
vector C is denoted by PC; a number of bits having 
logical values which chance in a time transition from a 

5 preceding time to a current time in the vector C is 
denoted by HC; and a bit width of the vector C is 
denoted by WC 
50. Hie apparatus for calculating an approximate power 
consumption of an integrated circuit of claim 49. wherein 

10 the predetermined function f is expressed as 

P-f-fH xHA /WA+PC xHC /WC+consam power consumption. 
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